herpes varicella, and hog cholera are a few of the diseases, in addition to feline infectious enteritis, which have been associated with lymphatic involvement and leukopenia. Proliferation of lymphocytes, reticular cell-macrophages, and plasma cells was observed at various stages in lymph nodes infected with these viruses 8.
Materials and Methods
Tissues from 13 germfree and 3 specific pathogen-free (SPF) cats (19 to 24 weeks of age) experimentally infected with the virus of feline infectious enteritis* and five germfree control cats were studied electron microscopically. The detailed methods of preparation of the inoculum, the description of the experimental animals, and the gross and light microscopic lesions associated with the experimental infection were reported by ROHOVSKY and GRIESEMER 11.
Inoculated and control germfree cats were killed by an intravenous injection of pentobarbitol sodium on post-inoculation days (p.i.d.) 1, 3, 4, 5, 6, 7, 8, 10, and 12. The experimentally infected SPF cats (pathogenicity controls) were necropsied on p.i.d. 5, 6, and 7.
They were used to determine if the virus were capable of producing feline infectious enteritis.
Samples of ileo-cecal lymph node and representative sections of duodenal, jejunal, and ileal mucosa were preserved for electron microscopic examination. The sections were fixed immediately in buffered osmium tetroxide, embedded in maraglas, sectioned at 300 A, stained * The virus of feline infectious enteritis was obtained from Dr. J. GORHAM, College of Veterinary Medicine, Washington State University, Pullman, Washington.
All sections prepared for electron microscopy were stained with lead citrate and uranyl acetate. Note large number of inter-and intracellular vacuoles (arrows). These were interpreted as areas of edema and hydropic degeneration. Toluidine blue stain. x 1,250. with uranyl acetate and lead citrate, and examined with a Philips 200 electron microscope. One micron sections of osmium-fixed, maraglasembedded tissues were stained with toluidine blue for light microscopic examination. Fluorochrome acridine orange (AO) was utilized for the demonstration of nucleic acids. Formalin-fixed and paraffin-embedded tissues were stained by the technique of MAYOR^. Briefly, deparaffinized tissues were rehydrated in descending concentrations of alcohols con- All magnifications given for photographs represent the actual magnification after printing.
Results
All inoculated animals, germfree or SPF, developed a clinical disease which, in the mildest cases (all germfree kittens), consisted of rise in temperature, anorexia, and lymphopenia; in SPF cats it resulted in severe clinical illness terminating fatally in two cats. Lymphopenia was striking in all inoculated animals.
Lesions were consistently observed within the small intestinal mucosa of infected SPF cats. The most significant changes of the mucosal epithelium which had not desquamated were edema and hydropic degeneration ( Fig. 1 ). Electron microscopic examination revealed marked distension of intercellular spaces and dilatation of endoplasmic reticular cisternae ( Figs. 2 and 3) . The intracellular lesions were most noticeable within intestinal absorptive cells. The microvilli of numerous mucosal cells were shorter in length and fewer in number than normal. In contradistinction, no lesion was demonstrated within the mucosal cells of the small intestine of infected germfree cats either by light or electron microscopy ( Fig. 4) . Cytoplasmic organelles were usual in numbers and distribution. Microvilli, mitochondria, ribosomes, endoplasmic reticulum, and the Golgi apparatus appeared unaltered when compared with the cellular organelles of the intestinal mucosa of germfree control cats.
The lesions in the ileo-cecal lymph nodes were identical in infected germfree and SPF cats. Light microscopically, they were characterized by progressive degeneration and necrosis of lymphocytes terminating in lymphatic atrophy and reactive proliferation of reticular cellmacrophages (Figs. 5 and 6).
Electron microscopically, the most striking feature of lymph nodes from uninoculated germfree cats was the relative scarcity of plasma cells and their precursor forms. These nodes were characterized by an overwhelming population of lymphocytes in various stages of maturation with small numbers of interspersed reticuloendothelial cells and reticular cell-macrophages.
Twenty-four hours following infection of germfree cats there was a rearrangement of nuclear chromatin in many lymphocytes. The normal irregular patchy pattern of lymphocytic nuclear chromatin became marginated with randomly dispersed coarse osmiophilic particles throughout the nucleus or the chromatin was distributed diffusely ( Figs. 8 and 9 ). This altered pattern of nuclear chromatin was attributed to a redistribution of DNA as revealed by acridine orange staining ( Fig. 7) .
At 72 hours post-inoculation the structure of infected lymph nodes was markedly changed. Of the few remaining lymphocytes, most contained pyknotic or fragmented nuclei. Numerous areas of cellular debris were infiltrated by numerous reticular cell-macrophages. Occasional plasma cells occurred also. By the 5th p.i.d. the nodes consisted almost entirely of macrophages which contained phagocytized lymphocytes and unidentifiable debris. The developmental stages of plasma cells from primitive hemocytoblasts 3 with scarce organelles through various transitional forms to mature plasma cells with an elaborate endoplasmic reticulum were observed (Figs. 10, 11 and 12 ). Occasional intracisternal crystalline arrays occurred within plasma cells (Fig. 13 ). The size, periodicity, and location of the crystalline structures were similar to those described for Russell bodies 4 , 1 4 , 1 5 . Russell bodies, either as globular or crystalline structures, have been described within plasma cells during chronic inflammatory conditions. They have been shown to consist, in part, of mucoprotein with a surface coat of gamma globulin 14.
Lymph nodes examined after the 5th day following inoculation were characterized by progressive regeneration as evidenced by proliferation of lymphoblasts and decrease in the number of reticular cellmacrophages and of the amount of cellular debris. The number of plasma cells remained approximately the same from day 6 to day 12.
Viral particles and inclusion bodies were not detected in the lymph nodes or intestinal mucosa of infected germfree or conventional cats.
Discussion
The most significant finding of this investigation was the absence of lesions in the intestines of infected germfree cats. Intestinal lesions identical to those recorded in the naturally occurring disease were, however, consistently produced with the same inoculum in SPF cats. Blunting of microvilli and hydropic degeneration of the intestinal epithelium in infected SPF cats were similar to the lesions observed by SHEEHY and FLOCK 12 in the intestinal epithelium of human patients with tropical and nontropical sprue, hookworm disease, acute nonspecific dysentery, severe malnutrition, and certain viral diseases. These authors concluded that intestinal epithelium possessed a limited Fig. 9 . Degenerating lymphocyte from lymph node of infected germfree cat (p.i.d. 5). Note irregular nuclear membrane (NM) and margination of chromatin (arrows). x 24,150.
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means of reaction to injurious agents and that similar lesions could be produced by noxious irritants, or infectious or metabolic agents.
Identical lesions have been recorded by ASTALDI et al. 1 in the intestinal epithelium of human patients with hepatitis. Thus it appears that the virus of feline infectious enteritis is not solely responsible for the intestinal lesions and that other factors (bacterial, toxic, etc.) may play a decisive role in their pathogenesis. LYON 8, in reviewing the effect of viral diseases on the lymphatic system, emphasized the consistent involvement of lymph nodes in the majority of viral infections of man. He stated that most viral diseases were associated with lymphocytic proliferation in the lymph nodes at the time of clinical leukopenia. The lymph nodes of cats infected with the virus of feline infectious enteritis were characterized by a relative decrease in the number of lymphocytes during the time of clinical leukopenia. It was not possible to attribute the response directly to the virus since no viral particle was observed within the lymph nodes of infected cats. Other factors such as lympholysis by adrenal corticosteroids may contribute to or may be responsible for the marked depletion of lymphocytes.
Rearrangement of nuclear chromatin as observed in lymphocytes from infected cats has also been reported by BERNHARD 2 in cells infected with various viruses. He suggested that the interchromatin area may represent an accumulation of viral protein which is, however, not demonstrable because the viral protein is not assembled. Chromatin margination was observed early in the nuclei of lymphocytes from infected cats and was also reported in the nuclei of cells infected with K virus of the rat2. It is not possible, however, to directly relate this lesion to viral infection since physical and chemical agents are also capable of inducting this change. The proliferation of plasma cells, plasma cell-precursors, and reticular cell-macrophages in the lymph nodes was considered to be Fig. 10 . Hemocytoblast from lymph node of germfree control cat. Cell has large nucleus (N) with prominent nucleolus (n) and cytoplasm has numerous polyribosomal packets (arrows) but no endoplasmic reticulum. x 12,500. an immune response and was similar to that reported for other viral diseases such as infectious mononucleosis, German measles, herpes simplex, and mumps 8.
Selected tissues from 13 germfree and 3 specific pathogen-free cats experimentally infected with feline infectious enteritis were studied electron microscopically. Intestinal lesions consisting of dilatation of intercellular spaces and of endoplasmic reticular cisternae occurred only in specific pathogen-free cats. N o lesion was demonstrated in the intestine of infected germfree cats, indicating that the virus of feline infectious enteritis may not he solely responsible for the intestinal lesions described in the naturally occurring disease. The lesions in the lymph nodes were identical in specific pathogen-free and germfree cats and consisted of lymphocytic destruction within 72 hours post-inoculation and reactive proliferation of reticular cell-macrophages and plasma cells. The preferred designation of this disease in cats as feline infectious panleukopenia is supported.
Zz.rammenfa.r.rung
Ausgewahlte Gewehe von 13 keimfreienund 3 spezifisch pathogenfreien Katzen wurden nach experimenteller Infektion mit dem Virus der Enteritis infectiosa felis elektronenoptisch untersucht. Nur in den spezifisch pathogenfreien Katzen wurden Darmlesionen in Form von erweiterten Interzellularraumen und Dilatation der Zisternen des endoplasmatischen Reticulums heohachtet. In infizierten keimfreien Katzen wurden keine Darmlesionen nachgewiesen. Diese Tatsache mag darauf hinweisen, dass das Virus der infelitiosen Enteritis nicht allein fur die in der naturlichen Erkrankung beschriehenen Darmlesionen verantwortlich ist. Die Lesionen in den Lymphknoten in den spezifisch pathogenfreien und in den keimfreien Katzen waren identisch und hestanden in Lymphozytennekrose innerhalh 72 Stunden nach der Infektion und reaktiver Proliferation von Makrophagen und Plasmazellen. Panleukopenia infectiosa felis wird auf Grund dieser Arheit als Name fur diese Erkrankung bevorzugt. 6 ) .
x 27,250.
